Preface
Society is expecting and demanding more 3D support since users have experienced the added value in emerging visualisation applications such as 3D globe based interfaces, navigation systems presenting a 3D perspective, etc. Due to the rapid developments in sensor techniques more 3D data have become available. Effective algorithms for (semi) automatic object reconstruction are required. Integration of existing 2D objects with height data is a non-trivial process, and further research is needed. The resulting 3D models can be maintained in several forms: TEN (Tetrahedral Network), constructive solid geometry (CSG) models, regular polytopes, TIN boundary representation and 3D volume quad edge structure, layered/topology models, voxel based models, 3D models used in urban planning/polyhedrons, and n-dimensional models including time. 3D analysis and 3D simulation techniques explore and extend the possibilities of spatial applications. In such a dynamic scientific environment, it is very important to have high quality and an open exchange of ideas on these new developments. It is also very important to carefully review and document the progress that is made. This book and the associated 3D GeoInfo workshop are an attempt to achieve this goal. The workshop is the second in a series on 3D geo-information. The previous event took place in Kuala Lumpur, Malaysia, on 7-8 August 2006 (http://www.fksg.utm.my/3dgeoinfo2006). Selected papers from the first workshop were published in 'Innovations in 3D Geo Information Systems', Springer-Verlag, 2006 . The current (2007 workshop was held in Delft, the Netherlands, while future discussions on 3D issues are expected to be held in Seoul, South Korea, on 12-14 November 2008. The chapters in this book are the result of the '2nd International Workshop on 3D Geo-Information: Requirements, Acquisition, Modelling, Analysis, Visualisation' (12-14 December 2007, Delft, the Netherlands). The workshop's website contains many details, including the programme of the event (http://www.3d-geoinfo-07.nl). The five themes -mentioned in the sub-title -give a good indication of the thematic scope and the chapters in this book, which have been organised accordingly. The chapters have been selected based on a full-paper submisv vi Preface sion and were thoroughly reviewed by three members of the international programme committee. The authors of the best and most original submissions were asked to submit revised versions based on these comments. Additionally, this book contains two chapters that are related to the invited key-notes, both with a Geo-ICT industry origin (TeleAtlas: 'Maps Get Real, Digital Maps evolving from mathematical line graphs to virtual reality models' and Oracle: 'On Valid and Invalid Three-Dimensional Geometries'). These chapters together make up the main part of the book. During the workshop there were also working group sessions organised according to each of the specific themes: Requirements & Applications, Acquisition, Modelling, Analysis, and Visualisation. All of the working group sessions followed a given format: current problems to be solved, potential solutions, and recommendations by the working group. The discussions started with a position paper that was usually prepared by the chairs of the working groups. These position papers are also included in the last part of this book. The discussion sessions were coordinated by the chair, and the concluding summaries of the results were presented at the closing plenary session.
This series of workshops is an excellent opportunity for the exchange of ideas on 3D requirements and the comparison of the different techniques of 3D acquisition, modeling and simulation. The 3D GeoInfo workshops aim to bring together international state-of-the-art research in the field of 3D geoinformation. They offer an interdisciplinary forum to researchers in the closely related fields of 3D data collection, modelling, management, data analysis, and visualisation. We hope that this series will become a very interesting yearly event with many sparkling discussions on all aspects of handling 3D geo-information! The editors of this book would like to thank the co-organisers (Eveline Vogels, Marc van Kreveld and George Vosselman) for the pleasant cooperation from the first initial idea to organise the workshop through the final preparations. Further, we are grateful to all of the authors for their original contributions (also to the authors of contributions that were not selected). Special thanks to the members of the programme committee; they had the difficult task of critically reviewing the contributions and providing constructive comments, thus enhancing the quality of the chapters included in this book. The editors are also grateful to the support provided by the Advanced Gaming and Simulation (AGS) research centre and the two projects RGI-011 '3D topography' and RGI-013 'Virtual reality for urban planning and security', funded by the Dutch Program 'Space for Geo-information'. 
Delft

Introduction
Map-making appears to predate written language by several millennia. One of the oldest surviving maps is painted on a wall of the Catal Huyuk settlement in south-central Anatolia (now Turkey); it dates from about 6200 BC. Cartography as a science is generally considered to have started with unchanged until around 1965 when the US Census bureau, with the help of GDT (Geographic Data Technologies Inc.) founder Donald Cooke, started to design a topological model for map information called Dual Independent Map Encoding (DIME) for the US bureau of the Census which together with the USGS (US Geological Survey) Digital Line Graphs in 1990 evolved into the US TIGER (Topologically Integrated Geographic Encoding and Referencing) files, published by the Census Bureau. Maps were no longer two-dimensional images on a physical sheet but now also models in a computer. Whereas the TIGER files were created mainly for Census purposes, i.e. the registration of address information, soon people started to think about other application areas. Despite the change in the map concept, these new applications were similar to the applications of the traditional map, the main one being Navigation, ie. finding locations and guiding the user to it. In the beginning of the eighties ETAK started to create the navigable map of the US and a few years later Tele Atlas started the same job in Europe. In 2000 ETAK and Tele Atlas joined forces. In 2004 Tele Atlas and GDT joined forces. Today the complete North-American and Western-European territory is covered by Tele Atlas maps and extensive coverage increases take place in Eastern-Europe, China, the Far East and in South America. It can be expected that all the streets on the earth surface will have been captured before long.
The first navigation systems hit the European market around 1995. These were closely tight to the car and therefore called in-car navigation systems. The tight bond with the car was caused by the fact that the GPS signal which enabled the car to position itself was distorted for use by non-US military purposes by the US Military. As a consequence navigation was very similar to traditional nautical navigation. After the initial (inaccurate) (GPS) fix, a process called dead reckoning was started which on basis of direction and distance sensors estimated the new positions of the car. As soon as it was possible to match the position of the car with a position on the map (e.g. when the car turned into a side street), the estimated position was corrected. This process is called map matching. Dead reckoning and map matching tied navigation to the car because the sensors which these processes required, (gyro-) compasses, odometers, wheel sensors etc. were generally not part of the navigation system but external components built in the car. These navigation systems typically had one of two types of user interface. First there was the low cost interface where the user was guided by icons on a small (monochrome) display. The other type combined the icon based guidance with an image of the map around the vehicles position on a (color) display. Both interfaces were generally combined with audible instructions.
In 2000, US President Clinton 'turned off Selective Availability' or, in other words, he removed the distortion from the GPS signal. As a result the GPS signal increased its accuracy to such an extent that positioning without the help of external sensors became possible and navigation was no longer tied to the car. This initiated what can be called the biggest change in modern land navigation to date. Navigation was leaving the car, devices dramatically dropped in price and navigation became main stream and mass market. This change gave rise to a series of very important changes in digital maps and in the process of digital mapping. One of these is the subject of the paper: The adaptation of the displayed image of the map to the requirements of the mass-market. The general public had only limited appreciation for the very strong technical connotation of the digital line graphs displayed on the early navigation systems. The first step to respond to these requirements was to turn back to the 'traditional' paper cartography and to apply the map display principles common there. In paper maps, roads were no lines but linear areas and buildings were rectangles and not points. I.e. objects were represented by their outlines rather then by a mathematical abstraction. The result of applying these 'traditional' map principles onto the digital map is the 2D City map.
Still, significant portions of the population have problems reading such a map. At the same time, the gaming industry was showing the way: Computers made it possible to display virtual reality in consumer applications not as a model but rather as it is, as virtual reality, without the actual correspondence between a map image at a certain location and the view at that location in reality though. The map was leaving its traditional two dimensional shelter and became three dimensional. The 3D City Map was born.
Clearly, 3D computer models of buildings had been developed before, in the gaming industry but also by academia and government researchers [3] . The described development can be considered novel because these 3D models were created in an accurate geographic reference frame (thus justifying the term map) in an industrial production environment focused on large scale production for mass-market applications. Tele Atlas has been leading the way in the process of adapting the map to the requirements of the mass-market. It was the first to publish a 2D City map for navigation applications and the first corresponding 3D City Map products also came from Tele Atlas. This paper describes the process how Tele Atlas realized these new products.
Essential in these processes is the Tele Atlas' Mobile Mapping technology. The paper will first give a description of Mobile Mapping. Secondly it will shortly describe the production process of 2D City maps after which the 3D City map process is described. Finally some outlook on the future will be given where it is likely that these virtual reality models not only appeal to the user but also fulfill requirement of a new generation of in-car systems which focus on increasing safety and reducing environmental consequences.
Capturing Reality: Mobile Mapping
The early days
Mobile mapping is a technology developed by Tele Atlas. It was first launched in 1990 as a result of a Eureka project [2] . At that time, geometrically correct paper map material often was the basic source for digital maps. Clearly, the information which could be derived from these paper sources was not sufficient to create a navigable map. Therefore, also a wide-variety of other sources had to be used ranging form postal files, tourist maps and construction plans of new road geometry. In addition it was necessary to actually go to the spot and check the information on correctness and currentness and fill in the information which was not available on any other source like one-way traffic regulations or prohibited turn information. The thought behind Mobile Mapping was that instead of sending a surveyor who had to manually capture the information to send a vehicle equipped with camera's which record reality and afterwards interpret the images in an optimally tuned office environment. The project resulted in thousands of video tapes. Difficulties of handling these large amounts of media and accessing individual images sequences finally made the project less successful than originally anticipated and the project was stopped. 
Mobile Mapping re-invented
In 2004 technology had made big leaps compared to 1990. Positioning and camera technology had improved and completely new, random access storage media had become available at considerable lower prices. As a result also big advances in Mobile Mapping technology had been achieved (see also [4] ). This was for Tele Atlas the signal to revisit the concept of Mobile Mapping. The result was a highly accurately positioned vehicle equipped with up-to six digital camera's of which the two forward facing were stereo camera's allowing geometrically accurate measurements in the images. The positional accuracy achieved is sub-half-meter. The pictures have a resolution of 1300x1000 pixels. The novel aspect of this new generation of mobile mapping was not so much the technical components but more the support for industrial production processes. Aspects of this include quasi-continuous operation by none expert people at typical traffic speeds positioned highly accurately and seamlessly in different countries. The main thought behind the Mobile Mapping concept in 2005 was similar to that of 1987. Instead of sending surveyors to check and complete the content of the database it was better to record reality and to extract the information in an optimally tuned office environment. In this respect had the need for Mobile Mapping considerably increased compared to 1990. This was the consequence of the ever increasing content of a digital map database. Next to the needs of simple navigation applications now also the need of advanced safety applications requiring the inclusion of information like lanes, traffic signs, curve information, traffic lights etc. had to be accommodated [5] . In addition, it became apparent that Mobile Mapping also can fulfill the need of improved map display requirements. This (2005) will be the further detailed in the following sections. Currently Mobile Mapping is extensively used by Tele Atlas. World wide, 50 vehicles are driving the streets resulting 250 TB of imagery yearly. These images are interpreted by highly trained database experts and the necessary content is extracted. When customer complaints come in via the Tele Atlas' Customer Feedback system 'MapInsight' the images corresponding to the complaint position are interpreted which in a large number of cases leads to a resolution of the complaint.
Mobile Mapping: the future
The potential of Mobile Mapping is by far not exploited fully yet. Contents requirements are still increasing. And a lot of this new contents can be captured using Mobile Mapping. 3D information is one example which will be dealt with later. Another example is content which can be captured using additional sensors on the Mobile Mapping van. A typical example of this is the slope of roads which is required to optimize the automatic gearbox of trucks resulting in significant fuel consumption decreases. In current prototyping activities, slope is being captured with Mobile Mapping by a 3D gyro installed in the vehicle. Other sensors include laser scanners which enable collection of banking (transverse slope) and street lay out. Novel aspects of these developments mainly relate to the use of different sensors in combination and exploiting the synergies, also referred to as sensor fusion. Another field where further developments are expected is the automatic interpretation of images. Currently research on automatic object recognition techniques is undertaken at Tele Atlas and the first results have been adopted in production. The expectation is that in future more and more of the information present in the Mobile Mapping images can be extracted automatically.
Advanced Map Display
2D City Maps
Traditionally, the Japanese navigation industry has put much more emphasis on map display than their European counterparts. The 2D City Map therefore originates from Japan. Tele Atlas started producing 2D City maps in cooperation with its Japanese partner IPC [6] in 1999. As indicated above 2D City Maps typically contain features described by their outline. Streets, including traffic islands and side walks are included as well as buildings. Also walkways (through e.g. parks) are included. Railway lines and water areas Fig. 1.4 An extract of the 2D City Map of Brussels are included with greater detail. 2D City Maps are mainly produced in a traditional way. From a source like a paper (cadastral) map or areal photograph, the outlines of the objects are extracted, usually via a manual digitizing process. The accuracy requirements for 2D City Maps are 5m RMS which is higher than the accuracy requirements for the traditional in-car navigation road network. Because the two need to fit, there is a final production step involving the possible adaptation of the original navigation network geometry to the geometry of the 2D City Map.
3D City Maps
Basically, a 3D City Map is a 2D City map in which a height attribute has been attached to the building outlines and possibly to the sidewalks. The buildings can have been extended with a roof and the facades of the buildings can have been assigned a certain texture. In addition standard 3D representation of road furniture objects like traffic signs, traffic lights, trees, fences etc. can have been added. Also 3D Landmarks should be mentioned here as potential components, which are separately description further down. From all the 'can's' in the above description it becomes clear that a 3D City Model can take on very different shapes. Tele Atlas decided to go for a model in which roofs and facade textures are included. Variation occurs in the type of texture which is used. This will be elaborated further down. Despite all the variance possible, there is one very important fixed factor and that is that 3D Building representations are defined as extended 2D City maps. The consequence of this is that they are perfectly aligned with the navigation road network and that they thus can be deployed in navigation systems.
Building height is derived from externally acquired photogrammetric elevation models. By subtracting the terrain height from normal digital elevation models, building heights are acquired and attached to the corresponding building outlines. This leads to good results in the majority of the cases. Where this is not the case building heights are derived from the stereoscopic camera imagery of the Mobile Mapping vehicles. Facade textures are also derived from Mobile Mapping images. The approach taken here depends on the 'commercial' value of the facade. The most basic approach makes use of standard components from a library [7] . This library contains typical facade components like windows, doors and wall textures. The library has been built during a manual pre-process on basis of mobile mapping imagery. Depending on what the 3D City map operator sees on the Mobile Mapping images he will compose the facade using different components from the library. This is a semi-automatic process in which technology interprets the image and proposes a limited set of components to the operator. It is clear that such an approach facilitates the re-use of components which will greatly reduce the storage requirements for these types of models. In a lot of cases, facades have a repetitive character. The model has been designed such that this repetitive character also is explicitly supported thus further reducing storage and data size consequences. The component based model has been successfully proposed for standardization to ISO/TC204 SWG3.1: GDF. The next version of GDF4.0 [8] , GDF5.0 will contain the model described. gives the UML model. Please note that this model is more extensive than the described products. Pending the finalization of this standard, 3D models are made available in the Shape format [9] . An alternative approach takes Fig. 1.6 The result of repetition of components entire facades (or parts of facades) from Mobile Mapping images and attaches them to the blocks. Experience has shown that the repetitive component approach does not work for characteristic facades like the ground floor level of shopping streets with the typical and individual window lay-out with dominant lettering and logo's. Here, only a complete image of the shop front will have sufficient similarity. A typical problem with this approach is that the Mobile Mapping images are 'polluted' with trees, parked cars and accidental pedestrians. Special technology facilitates the semi-automatic removal of this pollution.
Fig. 1.7 A Mobile Mapping images before and after clean-up
It is important to note that both the technology and the GDF model allow that both approaches are deployed simultaneously. In other words, the image based approach can be deployed for one building in a street and for the ground floor of four shops further down the street, while the rest of the street is modelled with the component based approach. In such a way an optimal combination of data size requirements and quality requirements can be adopted. Currently, 3D City Maps of 2 Cities are available fully textured (Berlin and London) and 10 cities as blocks models with roofs. In 2008 24 cities will be available fully textured and 52 as block models. 
3D Landmarks
Despite its flexibility, it is clear that the 3D City model approach only applies to cubically shaped buildings with facades which consist of vertical planes only. Consequently not all building can be modelled with it. Notable examples where this will be the case include the Arc de Triomphe in Paris or the Gurkin Building in London. These buildings or rather "constructions" can be modelled as 3D Landmarks.. 3D Landmarks are created by photographing the object from all sides with an accurately positioned digital camera. With special software the images are interpreted and converted in a so called wireframe model. Planes are identified in this wire frame model and the corresponding picture parts are identified and transformed and added to the planes. This results in a high quality 3D model of the object. 3D Landmarks are treated as an object external to the digital map. A proper connection between the two is a pointer to a location which is in fact an absolute WGS '84 coordinate. A second horizontal coordinate assures that aspects like direction and scaling are properly taken care of. The high quality of the 3D Landmark also makes the methodology fit to represent buildings which do have a cubic shape but which because of their prominence need to be modelled with higher quality than the 3D City models.
Data Volumes
Data volumes are important criteria for on-and off-board navigation applications. The GDF model of the component based approach facilitates very efficient data size requirements. Research has shown that a standard non compressed Tele Atlas 2D City Map needs about 200 kb/km2. For the basic 3D block models an additional 75 kb/km2 is required. For the production of complete 3D block models with roof types and generic facade information 330kb for the complete library has to be added. Those libraries can be used for a complete country. If buildings need to be presented by individual images, an extra of 10kb per processed facade picture has to be added. An extra of about 100 kb per km2 has to be added in order to link the map data to those libraries. The volume of standard VRML 3D models is high, but can significantly be reduced using compression technology. They have a data volume between 70 to 150 kb per 3D landmark. In Tele Atlas products the footprint of the 3D components is significantly higher. This is because Tele
